Interest in entomopathogenic nematodes as a biological control mechanism for insect pests has increased significantly in recent years as well as in basic research areas such as ecology, biodiversity, evolution, biochemistry, symbiosis, and molecular genetics (Burnell and Stock, 2000; Shapiro-Ilan et al., 2012) . The successful application and commercialization of nematodes as biological control agents has stimulated research in improving their efficacy against pests and isolating new and more virulent strains (Gaugler, 2002; Gungor et al., 2006; Shapiro-Ilan et al., 2012) . Therefore, considerable effort is being made to isolate new nematode strains from various regions of the world to be used as biological control agents for pests in the area from where they were isolated. The most recent biogeographic account indicates that steinernematids have a worldwide distribution. Of all described Steinernema species, approximately 50% have been isolated in Asia (Hominick, 2002) . Identification of new isolates is also an important pursuit to better understand the biological and ecological characteristics of these nematodes, which is important in the use of entomopathogenic nematodes in agriculture.
The common cutworm Agrotis segetum (turnip moth) is a commonly occurring pest throughout Europe, Asia, and parts of Africa, and generally lives in the ground, where it feeds on seedlings of nearly all vegetable and field crops such as corn, potatoes, beans, peppers, eggplants, okra, lettuce, tobacco, sugar beets, cabbage, and many other plants (Ministry of Agriculture of Turkey, 2008) . Due to their soil-dwelling habits, cutworms are generally difficult to control. They are often detected only when the plants are already severely damaged. Several species of entomopathogenic organisms have been isolated and evaluated as possible biological control agents of cutworm pests (Lipa and Wiland, 1972; Caballero et al., 1991; Steenberg and Ogaard, 2000; Yun et al., 2004; Sevim et al., 2010) . However, A. segetum remains a serious threat to agriculture. Thus, discovering more effective entomopathogenic nematodes from a range of environments is ideal for the management of A. segetum.
Herein, we report the occurrence of S. websteri in Turkey and in A. segetum for the first time, and investigated the potential use of this nematode isolate as a biological control agent against A. segetum.
Materials and methods

Collection of larvae
In 2009, Agrotis segetum larvae were collected from the soil of various tobacco fields in the Black Sea region of Turkey. Upon collection, the larvae were placed individually into 17 × 11 × 7 cm boxes with sterile soil and perforated covers to permit airflow. Living larvae were fed on tobacco leaves and kept at room temperature (25 ± 1 °C) with a 12:12 h photoperiod until analyzed. Dead larvae were placed individually into Eppendorf tubes and transferred to the laboratory.
Entomopathogenic nematode isolation
The infected larvae showing typical symptoms of a steinernematid infection were cleaned by washing with sterile water, and placed onto a White trap (White, 1927) to extract entomopathogenic nematode IJs. To verify their pathogenicity, the IJs were collected once they emerged from the insect cadaver and were transferred onto moist filter paper in petri dishes holding larvae of the greater wax moth, Galleria mellonella L. (Lepidoptera: Pyralidae). The dead larvae were transferred to modified White traps (Kaya and Stock, 1997) . The new generation IJs were collected in a beaker, rinsed 3 times with sterile distilled water, and stored at 11 °C.
Morphological identification of nematodes
The newly obtained isolate of nematode IJs reared in vivo on G. mellonella larvae was used for the morphometric characterization studies. For morphological analysis of the isolate, 20 IJs and 20 first generation males of Steinernema isolates were randomly selected from different infected G. mellonella larvae. The IJs were collected for 1 week after they started emerging from the cadavers (Nguyen and Smart, 1995) . The males and IJs were killed and fixed with hot formalin 4% (60 °C) for 2 min and kept in this solution for 12 h at room temperature. The fixed nematodes were transferred to anhydrous glycerin and mounted on glass slides using cover-glass supports to avoid flattening them. Their morphological characteristics were measured based on recommendations by Hominick et al. (1997) . Measurements were taken using an Olympus BX50 light microscope equipped with a camera. Microsoft Excel was used for analysis of the morphological variables of the males and IJs.
Molecular characterization of nematodes
Polymerase chain reaction (PCR) was used to amplify multiple sequences of the nematode 28S rDNA region (a segment of approximately 700-850 bp). The DNA was extracted from a single female nematode using a modified method published by Joyce et al. (1994) . The specimen was cut in 8 µL of double-distilled H 2 O. The nematode fragments were transferred into a microcentrifuge tube to which 8 µL of worm lysis buffer (500 mM of KCl, 100 mM of Tris-HCl (pH 8.3), 15 mM of MgCl 2 , 10 mM of DTT, 4.5% Tween-20, and 0.1% gelatin) and 2 µL of proteinase K (600 µg/mL) were added. The tubes were frozen at -70 °C for 10 min, incubated at 65 °C for 1 h, and then at 95 °C for 10 min.
Samples were centrifuged at 13,000 × g for 1 min and 5 µL of the DNA suspension was added to a PCR reaction mixture that contained 5 µL of 10X PCR buffer, 2 µL of MgCl 2 (25 mM), 1 µL of dNTP mixture (10 mM of each dNTP), 0.3 µL (500 nM) of each primer, 1.5 U of Taq DNA polymerase, and 36 µL of double-distilled water in a final volume of 50 µL. The forward primer used for the PCR reaction was the D2A primer (5'-ACAAGTACCGTGAGGGAAAGTTG-3') and the reverse primer used was the D3B primer (5'-TCGGAAGGAACCAGCTACTA-3') (Subbotin et al., 2006) . The amplification was performed using a BioRad Thermal Cycler (USA), which was preheated to 95 °C for 2 min, followed by 30 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 1 min and then for the final step, the reaction was incubated at 72 °C for 8 min. After the DNA amplification, 5 µL of the product was loaded onto a 1% agarose gel and the fragment of the desired molecular weight was purified using a Qiagen Gel Purification Kit (Qiagen Ltd., Netherlands).
The purified PCR product was cloned into the pGEM-T easy vector and was transformed into DH10β high-efficiency competent cells (Promega, Netherlands) according to the manufacturer's instructions. After selection for transformed colonies, plasmids were isolated and were digested by restriction enzymes to confirm the presence of the gene. Plasmid DNA samples with bands of the correct size were sequenced (Macrogen, Korea). The DNA sequence was edited using BioEdit and was aligned using the ClustalW algorithm (Hall, 1999) with sequences from 6 related species and a distinct isolate available in GenBank. The evolutionary relationship of that isolate and 20 closely related species was evaluated (Swofford, 2002) . Phylogenetic analyses (neighbor joining analyses) of 28S rDNA sequence data were done using MEGA (Tamura et al., 2007) . In this study, we used Panagrellus redivivus (AF331910) and Cervidellus alutus (AF3311911) as outgroups for taxonomic comparison.
Insecticidal activity of the nematode isolate
Experimental infections were carried out to determine the virulence of the isolate. Agrotis segetum eggs were obtained from laboratory cultures from Sweden (Department of Ecology, Lund University). Hatched larvae were grown in the laboratory as described above and incubated at 23 ± 1 °C and 70 ± 5% relative humidity and in the dark. Healthy third instar A. segetum larvae were used for evaluating the efficacy of the nematodes with tests carried out in plastic cups (3.5 × 6 × 7 cm). A 10-g portion of sterilized sand was adjusted to 7% (w/v) moisture by adding distilled water. In dose response experiments, 0, 100, 300, or 500 IJs g -1 of dry sand were inoculated onto the sand in each cup. Control cups were prepared as above except that they were only treated with distilled water. The final moisture content of the sand was 10%. Each dose of nematode was tested against 20 larvae and repeated 3 times on different days under the same conditions. The treated cups were kept at room temperature (23-24 °C) for 1 h, and then a single third instar A. segetum larva was placed on the sand surface and the cups were capped with a lid. Seven days later, each cup was checked and the number of dead larvae was recorded. The infection of the insects with nematodes was confirmed by dissection with the aid of a stereomicroscope. All dead larvae were placed individually onto White traps and the emergence of the IJs from the cadavers was recorded.
Statistical analysis
The mortalities in the control and in the treatment groups were determined 7 days after the beginning of the experiment. The mortalities in the treatment groups were corrected against the mortality in the control according to Abbott (1925) . To determine differences among different densities, the data were subjected to analysis of variance and subsequently to a LSD multiple comparison test. Finally, LC 50 values were calculated using Probit analysis. All analyses were performed using SPSS 16.0.
Results
Morphological identification
All morphological examination results of the IJs and males are shown in the Cutler and Stock (2003) . The IJ of the original description of S. websteri is characterized by its body length and E% (Table) . The body length of 584 µm (553-631) of the original description of S. websteri is shorter than for our isolate, which has a body length of 597 µm (549-637). However, the E% (77) (E% = (EP/T) × 100, where EP is the distance from the anterior end to the base excretory pore and T is the tail length) of S. websteri and that of our isolate (83) is similar. The spicule and gubernaculum length of the male also falls within the range of the original description, as well as the D% (D% = (EP/ES) × 100, where EP is the distance from the anterior end to the base excretory pore and ES is the distance from the anterior end base of the basal bulb) (Table) .
Molecular characterization and phylogenetic analysis
A BLAST search of the 28S rDNA region of the isolate indicated a 100% similarity with S. websteri (JF503100) and with the rDNA sequences of the 3 S. websteri strains previously isolated and submitted to GenBank (accession numbers EF217326, AY841762, and GU569058). Other sequence comparisons also indicated a 99% similarity with S. carpocapsae (HM140688) and a 98% similarity with S. anatoliense (GU569043). Phylogenetic analysis classified the new isolate in a clade with other isolates of the Steinernema species (Figure 1) .
Insecticidal activity
Third instar A. segetum larvae were susceptible to the tested dose response assay for the entomopathogenic nematode isolate. Increasing the concentration of nematodes gradually increased the mortality rate of the A. segetum larvae. Except for S. websteri (JF503100), statistical differences were observed among our nematode isolates and the control group (F value = 75.102; df = 3, 8; P < 0.05) (Figure 2) . Additionally, applications of isolate AS-1 of 100 IJs g -1 of sand and 300 IJs g -1 of sand during the same period resulted in 87% and 98% larval mortality, respectively.
Discussion
During a routine survey for pest distribution, a population of A. segetum in Turkey was isolated with an apparent nematode infection. Based on numerical and molecular analysis, this new strain was identified as Steinernema websteri (JF503100). Variation in all morphological traits of the IJs and males recovered from the first reported S. websteri (Cutler and Stock, 2003) was recorded (Table) . Based on comparison of morphological data, the 2 isolates were found to be similar and they could be considered as conspecies.
The relative phylogenetic position of the new isolate was determined according to neighbor joining based on the 28S rDNA sequence. Phylogenetic analysis grouped the new isolate with S. websteri (AY841762), S. anatoliense (GU56043), and S. carpocapsae (HM140688) in a phylogenetic clade (Figure 1 ).
Steinernema websteri was first isolated from soil samples in China by Cutler and Stock (2003) . Since then, S. websteri has also been reported in soil samples from Costa Rica, Colombia, Peru, the US, and the West Indies (Nguyen et al., 2007) . Moreover, S. websteri has been recently isolated from the Central Andean Region of Colombia by López-Núñez et al. (2007) . The natural host ranges of various entomopathogenic nematode species have been based on reports of isolations from hosts in the field. Many nematode isolates are capable of infecting different species from various orders and families, suggesting a potentially wide range of suitable hosts. For example, S. glaseri is capable of infecting only 4 species from 2 families of Coleoptera, whereas S. carpocapsae is capable of infecting 14 species in 10 families representing 4 orders of insects. The main limitation of the information available regarding the natural host range of entomopathogenic nematodes is the paucity of taxonomic representation of the existing nematode species. In terms of biological control, these associations are of great consequence because entomopathogenic nematode species tend to reduce the populations of insect species that are most compatible as hosts (Lewis and Clarke, 2012) .
Research on entomopathogenic nematodes has only recently become more popular worldwide. Many isolates and species found in Turkey provide vast opportunities for conducting fundamental studies with nematodes as well as for use in biological control programs against a number of soil pests (Hazir et al., 2003a) . Several surveys in Turkey have been conducted and have isolated several species belonging to the families Steinernematidae and the Heterorhabditidae (Ozer et al., 1995; Kepenekci, 2002; Hazir et al., 2003a; Kepenekci and Susurluk, 2003; et Yılmaz et al., 2009; Gokce et al., 2013; Erbaş et al., 2014) (Ansari et al., 2003) and many entomopathogenic nematodes have been tested for their biological control activity against various economically important pests such as white grubs (Shapiro-Ilan et al., 2002; Nermut et al., 2012) . Five Steinernema species, namely S. glaseri (Steiner, 1929) , S. arenarium (S. anomali) (Artyukhovsky, 1967) , S. feltiae (Filipjev, 1934) , S. kushidai (Mamiya, 1988) , and S. scarabei (Stock and Koppenhöfer, 2003) , have been shown to have a parasitic effect on certain insects worldwide. While A. segetum is another common subsoil pest, an entomopathogenic nematode had not been isolated from A. segetum prior to our study.
Our infection results show that third instar A. segetum larvae are very susceptible to infection by the new isolate, as A. segetum larvae showed sensitivity to infection in a dose-dependent manner. A. segetum larvae were highly susceptible to a low concentration of nematodes (100 IJs g -1 ). However, a significantly higher larval mortality rate was observed with a nematode dose of 500 IJs g -1 within 6 days of exposure (Figure 2 ). These data suggest the potential of the new isolate as a biological control agent for the eradication of A. segetum.
Studies have established the potential of using entomopathogenic nematodes for cutworm control. Lössbroek and Theunissen (1985) determined that Neoaplectana bibionis was an effective biological control agent against Agrotis segetum. The density of S. carpocapsae that Yokomizo and Kashio (1996) applied was comparable to our density of 100 IJs g -1 of dry sand; however, the efficacy of their treatment was higher. When we used 300 IJs g -1 of dry sand, the efficacy of the treatment was comparable to that of Yokomizo and Kashio (1996) . In another study, Unlu et al. (2007) also compared the efficacy of S. weiseri (BEY), S. feltiae (TUR-S3), and S. carpocapsae (TUR) isolated in Turkey against the common cutworm A. segetum. Each nematode species was applied at 10, 25, 50, and 100 IJs per A. segetum larva in 10 mL of water. S. weiseri was more effective than S. feltiae (TUR-S3) at 50 and 100 IJs per larva; however, S. weiseri was less effective than S. carpocapsae. In the context of the reported potency of other entomopathogenic nematodes, our results show that our S. websteri isolate is the most effective nematode as a biological control agent against A. segetum.
